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1. For each of the following functions calculate g—g and 3%:

2
@ %=1 f=0
(b) %:395 3, %——%x*%.
2
(c) %=4x2, 372’:835

(d) 9% =2023+3, 44 = 6022

dz?2 —

() —2z—1, Ly_o

(8) & —62%—320+30, Ly —120-32

d d’
(h) ﬁ_l_%7 ﬁ :%3
() =4 (1ef+20t—0t),  f4=} (el -6 45t
2
() g =dz,  GH=4

3. Consider the function f(z) = 2% — 2z + 4:

(a) First we verify that the point (1, 3) lies on the curve which indeed it does. Nwo f/(z) = 22 — 2 and
/(1) = 0 and so (1, 3) is a stationary point.

(b) f"(x) =2 > 0 therefore the stationary point is a minimum.

(c) Completing the square yields f(z) = (x—1)?+3 and so (1, 3) is the minimum point of the quadratic;
it is a stationary point.

(d) f'(4) = 6 therefore the gradient is 6.

(e) When z =4, f(4) = 12, so the point (4, 12) lies on the curve. Now we use coordinate geometry on
the point (4,12) using a gradient of 6 to obtain the tangent line g(x) = 6(x — 2) as required.
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4. Consider the function f(z) = 22® + ba? + 2z + 3, where b is some undetermined coefficient:
(a) f'(z) =222+ 2bz +2 and f"(z) = 4z + 2b.

(b) f(z) has a stationary point at x = 2 therefore we know that f’(2) = 0, where f'(2) =0 = 10 + 4b.

. . _ 5
Rearranging gives b = —3.

(c) We need to solve f'(z) = 0. Thus we need to solve the quadratic 222 — 5z + 2 = 0. The solutions

arex =2 and x = % And so the other stationary point has coordinates (%, %).
(d) f"(2) =3>0and f’(3) = =3 < 0, therefore the point at = 2 is a minimum and the point at
T = % is a maximum point.

5. Integrate the following functions. Remember to include a constant of integration:

(a) y=z+c
(b) y:%x%—i—c.

(c) y= o'+ a.

(d) y=1ta°+ 222+ 8z +c.
(e) y:%x‘o’—%xz—&—c.

(f) y=-32°+5x+c.

(g) y=1a"— 13—6;103 +152% +c.

6. f(z) = 2% + 3z + 1.

7. f(z) =4z + 3% + J2 — 10.

8. Consider the second derivative f”(x) = 6x + 4 of some cubic function f(x).
(a) f'(z) =322 +4z +c.
(b) f(z)=2®+ 22* + 10.

(¢) We solve f'(x) = 0 = 3z% 4 4z. The solutions to the quadratic are = 0 and = —3. The point
4 302

(0,10) is a minimum and the point (-3, %= ) is a maximum.
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9. Consider the quadratic function f(z) = 322 + 2z + 4.

(@) J7, f(z) de =24,

(b) The area under the curve f(z) between x = —1 and = = 2.

10. y =222+ 1 + 1.

11. Consider the functions f(z) = —a® + 22? + 3z and g(z) = —23 + 322 — 2 + 3 sketched below.

f(z) g(x)

(a) f'(z) = —32%+4x+3. We solve the quadratic equation f’(x) = 0 to obtain the solutions x = 2+

as required.

w

2
3

(b) (1,4) and (3,0).
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12. Consider the function f(z) = 22 + 1. By differentiating from first principles show that f'(x) = 2.

Hint: Calculate the following limit:

lim flx+h)— f(x)  lim 20+ h)+1—(2x+41)
h—0 h h—0 h
. 2xr4+2h4+1—-2z-1
= lim
h—0 h

as required.

13. Consider the curve plotted below.

(2,6)

(1,4

(3,0)

(a) A simple application of the trapezium rule formula: fab yde~ th((Yo+yn) +2 W1 +y2 + -

where h = =2,
n

Here y9 = 0,y1 = 4,y2 = 6 and y3 = 0.

Substituting these values into the formula yields Area= 10.
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